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GENERAL INTRODUCTION 
Concern for the decline in gopher tortoise populations 
(Gopherus polyphemus) on Sanibel Island by the Sanibel-Captiva 
Conservation Foundation (SCCF) and others who value the 
islands and their wildlife parallels a national interest in 
the conservation and management of this and the three other 
species of North American tortoises (Gopherus flavomarginatus, 
Xerobates agassizii, X. berlandieri). All of these except 
possibly X. berlandieri are declining (Bury 1982) and remedial 
actions are needed if viable populations are to continue to 
exist. A variety of groups, including the Gopher Tortoise 
Council, the Desert Tortoise Council, the World wildlife Fund, 
the U.S. Fish and Wildlife Service and the U.S. Bureau of Land 
Management have sponsored research projects and symposia to 
gain and synthesize knowledge about these species and devise 
plans for population revitalization and relocation. 
Research on gopher tortoises has provided information on 
habitat utilization (e.g., Auffenberg and Franz 1982, Campbell 
and Christman 1982). They use dry, sandy soils in a variety 
of vegetational communities, although they may move to more 
mesic habitats in some seasons of the year (Breininger et ale 
1988, McRae et ale 1981). The physical characteristics of the 
habitat seem more important as factors limiting the tortoises' 
habitat use than particular plant species (Campbell and 
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Christman 1982). Well-drained soils which allow them to 
burrow, sufficient herbaceous vegetation for food, and open 
sites for nesting appear to be important (Auffenberg and Franz 
1982, Landers and Speake 1980). Burrow characteristics, 
particularly depth and length, are dependent on soil type and 
drainage patterns and thus differ in the various parts of the 
range (Diemer 1986). Tolerance of flooded burrows varies 
also. Tortoises use flooded burrows during the winter in some 
regions (Means 1982) and avoid areas which flood in others 
(Kushlan and Mazzotti 1984). The latter study differed from 
the former in that flooding was by salt water. Given the high 
water table on Sanibel Island, tolerance to flooding may be an 
important factor in tortoise distribution on the island. 
The gopher tortoise is a long-lived species (estimates 
range up to 75 years) with deferred sexual maturity and low 
fecundity, laying only one clutch averaging 4-7 eggs per year 
(Auffenberg and Franz 1982, Dietlein and Franz 1979, Iverson 
1980, Landers et al. 1980). Very high predation by raccoons, 
dogs, fire ants and others on eggs and young leads to about 
94% mortality from egg laying to one year of age (Alford 1980, 
Diemer 1986, Douglass and Winegarner 1977, IVerson 1980, 
Landers et al. 1982). 
Information on growth rates and age at maturity does not 
show clear north-south clinal variation, with estimates 
ranging from 12 to 21 years and sizes of 150 to 265 mm 
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carapace length at maturity (Doonan 1986, Alford 1980, Iverson 
1980, Landers et al. 1982, Wright 1982). Average hatching 
size has been reported to be 43-50 rom carapace length (Arata 
1958, Douglass 1978, Landers et al. 1982). 
Timing of reproductive activity varies latitudinally, 
with courtship and mating occurring in May and June in South 
Carolina (Wright 1982), April and May in Georgia (Landers et 
al. 1980) and as early as February (Dietlein and Franz 1979) 
to as late as August (Landers et al. 1980) on Sanibel Island. 
In most areas, females are receptive only during the spring 
and early summer, but males apparently remain sexually active 
into the fall (Landers et al. 1980). Recent work by B. Palmer 
(D. Ault, Florida State Museum, Gainesville, pers. com.) has 
shown that females may be capable of sperm storage. If 
females in some populations are receptive in the late summer 
or fall, this ability could enable them to lay earlier the 
following year, possibly avoiding some predation risk. 
Predators apparently begin actively searching for tortoise 
nests just when first oviposition is expected (A. Bard, Univ. 
Central Florida, Orlando, pers. com.). 
Activity varies with a bimodal daily schedule in some 
populations in some seasons and a unimodal one for other 
populations or in other seasons (Douglass and Layne 1978, 
McRae et al. 1981). Most activity of colonial individuals is 
confined to a relatively small area (0.5-1.5 hal, although 
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individuals have been known to move 0.8-4.8 km (Landers and 
Speake 1980). 
In spite of a relatively large geographic range and past 
high numbers, a variety of causes, mostly related to habitat 
losses, habitat changes and human activities (Auffenberg and 
Franz 1982, Landers and Speake 1980, Lohoefener and Lohmeier 
1981), have reduced the gopher tortoise population by more 
than 80% of its former number in the last 100 years 
(Auffenberg and Franz 1982). 
Most available information is from populations in 
Georgia, Mississippi, South Carolina and northern and 
north-central Florida. Little information is available on 
populations in southern Florida (Kushlan and Mazzotti 1984), 
and no studies have been conducted on Gulf coast barrier 
islands. Island populations show higher densities than 
mainland populations (R. Franz, Florida State Museum, 
Gainesville, pers. com.) but little work has been done to 
investigate the reasons for this difference. If there are 
genetic components to the timing of activities (i.e., 
hibernation and reproduction), growth rates and clutch sizes, 
these may be confounded on Sanibel by the release, over an 
approximately 15-year span, of hundreds of tortoises used in 
the Ft. Meyers tortoise races, some originating as far away as 
Georgia (Dietlein and Smith 1979). 
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Several workers have made recommendations regarding 
management of gopher tortoise populations (Auffenberg and 
Franz 1982, Bury 1982, Cox et al. 1987, Diemer 1986). These 
include recommendations for tortoise management in scrub and 
sandhill communities, modification of forestry practices to 
benefit gopher tortoises, protection of nests and hatchlings 
by enclosures and predator control, setting up appropriate 
reserves, relocation experiments including follow-ups on the 
fate of relocated animals, and increased legal protection of 
the species. 
As habitat becomes further fragmented and population 
densities reduced, the role of isolated individuals in the 
social and reproductive functioning of the population becomes 
more important. It is possible that males not closely 
associated with a colony may visit similarly isolated females, 
or have opportunities to mate with females of nearby colonies. 
Because dominant males will sometimes spend several hours at 
the burrow of a female (Landers et al. 1980; Wright 1982), a 
male from outside the colony may take this opportunity to mate 
with colonial females. Isolated females may move closer to 
colonial tortoises at this time, as in the Bolson tortoise 
(Aguirre et al. 1984). 
There is some information on minimum tortoise numbers and 
the amount of habitat needed for a viable colony (Auffenberg 
and Franz 1982, Cox et al. 1987, Diemer 1986). Cox et al. 
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(1987) and Diemer (1986) suggest that viable populations could 
be maintained on relatively small units. This is an important 
consideration in planning for tortoises in increasingly 
fragmented habitats. 
In spite of a number of studies concerning relocation 
efforts, results are not comparable and do not allow 
generalizations (Burke 1988, Diemer 1987). Most follow-up 
investigations were limited to burrow censuses 1-3 years after 
relocation, and made little or no reference to reproductive 
success (Diemer 1989). 
The city of Sanibel and the Sanibel-Captiva Conservation 
Foundation (SCCF) have had a long interest in protecting their 
gopher tortoise populations. It has been illegal to disturb 
tortoises on Sanibel in any way since 1979, but enforcement 
has been difficult. Regulations have been established on 
Sanibel to prevent fences from inhibiting tortoise movements 
and to set aside 15% of lands being developed for gopher 
tortoise habitat. There is a sUbstantial need for information 
on Sanibel tortoises, especially concerning habitat 
characteristics, population characteristics and trends, and 
timing of activity (both daily and reproductive) if correct 
decisions are to be made regarding management and relocation. 
Island residents have conducted periodic surveys and found 
that gopher tortoises are declining in some areas of the 
island and have been eliminated in others (SCCF, unpublished 
7 
data). This study was initiated in 1989 to provide 1) basic 
ecological information on sanibel tortoises for comparison to 
other populations, 2) SCCF and the city of Sanibel with 
recommendations to better manage and protect tortoise habitat 
and populations, and 3) baseline information for assessing the 
impacts of development, relocation efforts and habitat 
rehabilitation on tortoise populations. 
study Area 
Sanibel Island lies off the Gulf Coast of Florida, 
between approximately 26°25'N and 26°30'N. Unlike other 
coastal Florida islands which have a north-south orientation, 
sanibel lies with its long axis in, primarily, an east-west 
alignment. According to Cooley (1955), nowhere on the island 
does the elevation exceed 4.3 m above sea level. The mean 
elevation is 1-1.5 m above mean sea level. In general, the 
water table is 0.25-1.0 m below the soil surface for much of 
the year (Henderson 1984). 
Much of the western end of the island and the eastern 
portion of the mid-island ridge were under cUltivation from 
the early 1880s to the late 1920s (Cooley 1955). These areas 
still show evidence of the agricultural activities from that 
time period in the form of disturbed soils, drainage systems, 
remnant orchards and other exotic vegetation. Several exotic 
species have been naturalized on the island, and are quite 
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prominent in the landscape. Chief among these is the 
Brazilian pepper, Schinus terebinthifolius, which has 
virtually taken over many areas of the island, shading out the 
native forbs and grasses. The Australian pine, casuarina 
eguisetifolia, has also become a dominant tree on some parts 
of the island, negatively affecting native vegetation by the 
dense shade and deep litter it creates. 
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DEMOGRAPHICS AND MORPHOMETRICS OF GOPHER TORTOISES (GOPHERUS 
POLYPHEMUS) ON SANIBEL ISLAND, FLORIDA 
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ABSTRACT 
Gopher tortoises on Sanibel Island, Lee County, Florida, 
live mainly along the mid-island and Gulf Coast ridges. Age 
class structures are similar to populations in other parts of 
the range, but appear Sanibel tortoises seem to grow faster 
and reach reproductive maturity at larger sizes than their 
northern counterparts. Clutch sizes are larger than those in 
the most northerly parts of the range, but similar to those in 
more southerly areas, and the nesting season occurs earlier. 
Sex ratios of adult tortoises on Sanibel favor females, in 
contrast with most other areas studied, and current subadult 
sex ratios appear to be even more skewed toward females. 
Density estimates generally were higher than in other areas, 
ranging from 4.3 to 27.5 tortoises/ha (mean 16.7), and 
correction factors for estimating population size from burrow 
surveys ranged from 0.417 to 0.826. 
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INTRODUCTION 
Morphological and demographic data have been collected on 
several gopher tortoise (Gopherus polyphemus) populations 
(Alford 1980, Diemer 1989, Doonan 1986, Kushlan and Mazzotti 
1984, Landers and Speake 1980, Landers et ale 1982, McRae et 
ale 1981a), but not on any in southwest Florida or on Gulf 
Coast barrier islands. Differences have been found in 
populations in various areas of the species' range in carapace 
length (age/size class) distributions (Alford 1980, Diemer 
1989, Kushlan and Mazzotti 1984), clutch sizes (Iverson 1980, 
Landers et ale 1980, Linley 1986, Wright 1982), sex ratios 
(Auffenberg and Iverson 1979, Diemer 1989, McRae et ale 
1981a), densities (Auffenberg and Franz 1982, Breininger et 
ale 1988, Kushlan and Mazzotti 1984, Logan 1981), and 
correction factors for determining densities from burrow 
counts (Auffenberg and Franz 1982, Breininger et ale 1988, 
Diemer 1989, Doonan 1986). A regression of burrow width (BW) 
on carapace length (CL) was used by Alford (1980) to evaluate 
size-class distributions; his equation has been used by other 
investigators to estimate population structure at other sites 
(e.g., Kushlan and Mazzotti 1984). Diemer (1989) and Martin 
and Layne (1987) derived similar equations. McRae et ale 
(1981a) derived a discriminant function to differentiate 
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between adult male and female tortoises, but this has not been 
applied or tested by other investigators (Burke and Cox 1988). 
The native tortoise population of Sanibel Island, Lee 
County, Florida, was augmented in the 1960s and 1970s by the 
release of tortoises that had been used in the Ft. Meyers 
tortoise races. Many of these individuals originated in 
northern Florida and Georgia (Dietlein and Smith 1979, N. 
Dietlein, Sanibel, Florida, pers. com.). This has resulted in 
a mixing of genetic stock from a wide portion of the species' 
range, with unknown consequences. 
This study was undertaken to gather demographic 
information on tortoise colonies on Sanibel Island. The 
information was needed by the Sanibel-Captiva Conservation 
Foundation (SCCF) to better manage tortoise populations on 
their lands and by the City of Sanibel to develop legislation 
and guidelines for accommodating tortoises on development 
sites. Additional objectives were to compare demographic 
parameters, CL/BW relationships, and growth rates to those 
reported from other areas, test the discriminant function of 
McRae et ale (1981a), and identify topics needing further 
research. 
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METHODS 
Study sites 
sanibel Island lies off of Ft. Meyers, Lee County, on the 
Gulf Coast of Florida (Figure 1). Six study sites on the 
island were chosen primarily on the basis of the ecological 
zones in which they are situated. Three sites (Casa Ybel, 
Kinzie Island and Wulfert Point) are predominantly in the mid-
island ridge zone, with portions of Kinzie Island (KI) and 
Wulfert Point (WP) in the wet upland zone. The other three 
sites (Heron's Landing, Joewood and west End) are mostly in 
the Gulf Ridge zone, with some wet uplands at Joewood (JW). 
The vegetation is primarily west Indian scrub habitat, which 
consists of clusters of tropical and subtropical shrubs and 
trees dispersed in a matrix of open grassy areas. One hectare 
plots were established at Casa Ybel (CY), Heron's Landing 
(HL), Kinzie Island and Wulfert Point, and the entire site was 
used as the plot at Joewood and west End (WE). 
Casa Ybel is a portion of an approximately 28 ha (70 
acre) site donated to SeCF as mitigation for a proposed 
housing development. It has been severely impacted by 1) 
agriculture, 2) use as a dump site and 3) invasion of Schinus 
terebinthifolius (Brazilian pepper), with a consequent loss of 
native shrubs and trees and forage plants. Heron's Landing is 
a 3.51 ha (8.67 ac) site cleared of Schinus and Casuarina 
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Figure 1. Location map for Sanibel Island, showing locations 
of the six study sites. CY = Casa Ybel, HL = 
Heron's Landing, JW = Joewood, KI = Kinzie Island, 
WE = West End, WP = Wulfert Point 
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equisetifolia (Australian pine) in 1988, leaving much of the 
site bare. Roads and utilities for a housing development were 
installed during the study. Joewood (JW) consists of portions 
of four lots totaling 0.67 ha (1.65 ac). During the study, 
one house was constructed, but only the driveway was on the 
study plot. Kinzie Island (KI) is an artificial island 
created when canals were dug for mosquito control. It 
originally had about 5.2 ha (12.8 ac) of suitable tortoise 
habitat, plus a mangrove fringe. Seven of 22 proposed homes, 
a swimming pool and two tennis courts were under construction 
or completed during the study. West End (WE) consists of land 
placed in a gopher tortoise preserve and portions of four lots 
of a housing development site totalling 0.80 ha (1.98 ac). 
Wulfert Point (WP) is the largest remaining (over 160 ha, 400 
ac) relatively undisturbed upland site on sanibel. Although 
used for agriculture from about 1870-1930, the native scrub 
vegetation has largely recovered. It is scheduled for 
extensive development in the 1990s. Detailed descriptions of 
the six study sites can be found in McLaughlin (1990). 
capture Methods 
Tortoises outside burrows were picked up before they had 
a chance to escape into a burrow or thick vegetation. 
captives were sometimes restrained by hand and used to 
"entice" other tortoises from their burrows. Because 
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tortoises actively defend their burrows, they could be decoyed 
out by simulating an intrusion using digging or scraping 
motions and sounds and "hand bobbing" at the entrance to 
burrows (Burke and Cox 1988), and by "tapping" (Medica et ale 
1986). Most tortoises that responded to these techniques did 
not come entirely out of the burrow, and had to be grabbed and 
pulled from the burrow. Tortoises found resting or sleeping 
close to the burrow entrance were similarly captured. 
Tortoises also were captured in wire cage traps placed 
far enough from the burrow entrance to allow the door to 
close. Escape routes were blocked, and the traps covered with 
vegetation to protect captured animals from the sun. 
Modified rat traps, similar to those used by Recht 
(1981), were set so the tortoises tripped them upon leaving 
the burrows, thus blocking the entrance and preventing their 
return. These worked as long as the tortoise was neither 
strong enough nor had sufficient time to unearth the trap 
before I could capture it. Pitfall traps were not used due to 
the labor requirements and disturbance of the burrow mounds. 
Demographics 
Tortoises were classified as hatchlings «1 year, <65 mm 
carapace length (CL», juveniles «200 mm CL , approximately 2-
6 years), subadults (sexually immature tortoises 200-250 mm 
CL, approximately 7-12 yrs), and adults (sexually mature males 
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>225 mm CL and females >250 mm CL). Animals were aged by 
counting carapacial scute growth rings when possible (Berry 
1987). The plastral rings were obliterated on all but the 
youngest animals due to the abrasiveness of Sanibel soils. 
Clutch sizes were determined by radiographing all females 
captured from 21 April through 30 June and by digging up nests 
at the time of emergence. Average clutch size was calculated 
by combining the data from both techniques. 
Tortoises were sexed by a combination of primary and 
secondary sexual characteristics. positive sexual 
determination of some immature and many mature males was 
possible as they extruded the penis while morphological data 
were being collected. Presence of eggs, determined by x-rays, 
was accepted as proof that a tortoise was female. 
Observations of agonistic, courtship and copulatory activity 
were also used to determine sex (Auffenberg 1966, 1969). 
All burrows on the plots were classified as active, 
inactive or abandoned (Auffenberg and Franz 1982). 
Proportions of active plus inactive (a + i) burrows to all 
burrows, and occupied burrows to a + i burrows were 
calculated. These ratios have been used to estimate 
population densities, population changes and potential of a 
site as a relocation site based solely on burrow surveys. 
Burrow width (BW) was determined by placing two meter 
sticks, bolted together at the midpoint, 50 cm into the 
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burrow, opening the device until the sides of the burrow were 
contacted, and measuring the distance across the protruding 
ends with calipers (Martin and Layne 1987). A regression of 
BW on carapace length for known tortoise/burrow pairs was used 
to estimate the sizes of uncaptured tortoises at Joewood and 
Wulfert Point (Alford 1980, Diemer 1989, Kushlan and Mazzotti 
1984, Martin and Layne 1987). 
Morphometrics 
I measured all tortoises captured during the study 
following McRae et ale (1981a). Measurements were made to the 
nearest 0.5 rom for total length (TL) , carapace length (CL) , 
plastron length (PL) , thickness (TH), and width (W) using 
aluminum tree calipers, and to the nearest 0.05 mm for anal 
notch (AN), anal thickness (AT), anal width (AW) and plastral 
concavity (PC) using plastic Vernier calipers. The aluminum 
calipers were too unwieldy to use for the latter set by one 
person on struggling tortoises. The only exceptions to this 
were for hatchlings and small juveniles «135rom TL), when the 
smaller calipers were used for all measurements in these 
cases. All tortoises were weighed, using calibrated Pesola 
scales appropriate for the size of the tortoise (50g, 100g, 
1kg, 5kg, 10kg). In addition, I calculated body volume (V) as 
V = CL * W * TH * 10-6, and gular projection (GP) as GP = TL -
CL (McRae et ale 1981a). I calculated seven ratios to develop 
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and test a discriminant function that classifies tortoises by 
sex (McRae et ale 1981a). These were AW/AN (AWN), AT/AN 
(ATN), AN/V (ANV), AT/V (ATV), AW/V (AWV), GP/V (GPV) and PC/V 
(PCV). Parameters for adult male and female tortoises were 
compared using mUltivariate analysis of variance and 
Bonferroni t-tests (SAS Institute, 1988) to assess sex related 
differences. 
Growth rates and asymptotic size were estimated by 
fitting a von Bertalanffy growth curve (Fabens 1965) to CL and 
age data with PROC NLIN of PC SAS, using the multivariate 
secant method (DUD) (SAS Institute, 1988). The parameter 
estimates were compared to previously reported estimates from 
other parts of the species' range (Diemer 1989, Doonan 1986). 
The equation used by Doonan (1986) was 
-kt CL = a * (1-be ) 
where CL is carapace length, a is asymptotic CL, b is a 
hatchling size parameter, e is the base of the natural 
(1) 
logarithm, k is the intrinsic growth rate and t is the age in 
years. The hatchling size parameter, b, is calculated as 
b = 1 - h/a (2) 
where h is the mean CL at hatching. The equation used by 
Diemer (1989) did not include b, but accounted for hatchling 
size by using the value (t - to) in place of t: 
CL = a * (1 - e-kCt-tO» (3) 
where to = is the age-intercept in years. I evaluated my data 
with both equations. 
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RESULTS 
Demographics 
I captured 207 tortoises at all study sites except 
Joewood, and at numerous other locations on the island from 13 
March to 03 November 1989. There were 42 (20%) hatchlings or 
young of the year, 21 (10%) juveniles, 26 (13%) subadults, 49 
(24%) adult males, and 69 (33%) adult females. Excluding 
hatchlings, the overall age-class structure was 13% juveniles, 
16% subadults and 72% adults. Hatchlings were excluded to 
allow greater comparability to other studies. 
I radiographed 44 females to determine clutch size; 14 
(32%) carried from two to 16 eggs. I found five clutches, 
ranging from four to 11 eggs, as the hatchlings began emerging 
from the nests. Because of the locations and timing of the 
emergences, I judged these clutches to be from tortoises that 
were not gravid when radiographed. The mean (± 1 s.d.) for 
the 19 clutches was 6.9 ± 3.83. The smallest female known to 
be gravid was 282 rom CL. 
No females radiographed after 1 June (N=20) were carrying 
eggs, while 14 of 24 (58%) radiographed from 21 April through 
May were gravid. This difference indicates that the primary 
nesting season for tortoises on sanibel is in April and May. 
This is further supported by observations on clutches with 
known laying and hatching dates, and on emerging clutches. 
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Two clutches, laid on 17 April and 23 May, hatched in 88 and 
89 days, respectively. The first was dug up the day following 
hatching; the second was carefully unearthed the day it 
hatched, re-covered, and observed daily until the hatchlings 
emerged 25 May. Five other clutches emerged from 8 to 21 
August, one clutch hatched 24 August, and a seventh clutch 
emerged 21 September. The last clutch may have been laid as 
late as mid-June; the others were probably laid in late April 
and early May. I found the clutch that hatched 24 August in 
the same burrow mound as the clutch that emerged 21 August. 
I calculated sex ratios and age structures directly from 
capture and observational data collected at Casa Ybel, Heron's 
Landing, Kinzie Island and West End. I captured no tortoises 
at Joewood and too few at Wulfert Point to calculate these 
ratios. The overall adult sex ratio (69F:49M, 1:0.71) was not 
significantly different from 1:1 (X2=3.39, df=l, p>0.05), but 
that at Kinzie Island (14F:3M, 1:0.21) was 2 (X=7.18, 1 d.f., 
p<O.Ol). The age structures at CY, HL and KI did not differ 
2 
significantly from one another (X=1.711, df=4, p>0.75), but 
2 that at WE differed from the other three sites (X=12.32, 
df=2, p=0.002) (Table 1). 
Density estimates (tortoises/ha), excluding hatchlings 
but including one uncaptured adult at Heron's Landing and four 
un captured juveniles at West End, were 22.0 at CY, 10.0 at HL, 
4.2 at KI and 24.9 at WE (Table 1). The areas on which these 
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Table 1. Age class structures and densities (tortoises/ha) 
SITE 
CY 
HL 
KI 
WE 
JW 
WP 
TOTALS 
of gopher tortoise colonies at six sites on Sanibel 
Island. Numbers (%) are tortoises observed and 
captured on the study plot at Casa Ybel (CY) , at the 
sites for Heron's Landing (HL) , Kinzie Island (KI) 
and West End (WE), and on estimates from burrow data 
for Joewood (JW) and Wulfert Point (WP). 
JUVENILES SUBADULTS ADULTS DENSITY 
2 (9.1) 2 (9.1) 18 (81.8) 22.0 
2 (10.5) 3 (15.8) 14 (73.7) 10.0 
1 (5.3) 1 (5.3) 17 (89.5) 4.2 
8 (42.1) 2 (10.5) 9 (47.4) 24.9 
2 (10.5) 10 (52.6) 7 (36.9) 27.5 
1 (8.3) 0 (0) 12 (91.7) 12.5 
16 (14.4) 18 (16.2) 77 (69.4) MEAN 16.67 
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estimates are based at HL and KI were those available to the 
tortoises, i.e., they do not include roads, tennis courts, 
swimming pools or mangroves. Also, because only 57% of the 
potentially available area at Heron's Landing was used by the 
tortoises, I used the reduced area to determine the density. 
Five tortoises removed from KI prior to road construction in 
1988 escaped from an off-site holding pen and were not 
returned to the site; including these individuals and using 
the area originally available increases the initial density 
estimate to 4.6 t/ha. 
Proportions of active plus inactive burrows to all 
burrows at the six sites ranged from 0.704 to 0.871, with a 
mean of 0.840. The proportion of gopher tortoises to active 
plus inactive burrows at the four sites with sufficient 
captures (site specific correction factors) ranged from 0.417 
to 0.826. Correction factors (CFs) at CY (0.815) and HL 
(0.826) (mean = 0.820) were significantly different from those 
2 
at KI (0.559) and WE (0.417) (mean = 0.476) (X=14.021, df=2, 
p<O.OOl). The overall CF for the six sites was 0.606. 
I could not accurately measure all burrows at 50 cm due 
to curves or roots. I measured these at the deepest point an 
accurate measurement could be taken. Also, some burrows were 
extremely wide (>42 cm) up to one meter from the entrance, 
although they were not inhabited by extremely large tortoises. 
This probably was due to the lack of cohesiveness of the sandy 
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soils. I could not measure these burrows accurately and did 
not include them in the burrow width-carapace length (BW-CL) 
regression analysis. As males visited up to 12 females and 
used 6-12 burrows as a result, and some females used two or 
three burrows (McLaughlin 1990) only the primary burrow for 
each tortoise was included in the analysis. 
I used regression analysis of 61 BW-CL pairs to examine 
the relationship between burrow width and carapace length. I 
had only two BW-CL pairs for tortoises under 12 cm, so those 
were not included in the analysis. I obtained the best 
fitting line (r2 = 0.787) by transforming the data to log BW 
and log CL (Figure 2). I used the resulting equation, 
log1OCL = O. 8004*log,oBW + 0.2136, ( 4 ) 
to estimate the age structure of the colonies at Joewood and 
Wulfert Point. First, age-class estimates for Casa Ybel, 
Heron's Landing, Kinzie Island and West End derived with this 
equation were compared with those determined from field data. 
There were no significant differences (all p>0.25) between the 
two methods. I used both the site specific correction factors 
and the overall correction factor to estimate density and age-
class structure based on burrow data. Again, I found no 
significant differences (p>0.25) when I compared derived 
estimates to the field data, although the number of tortoises 
estimated with the overall correction factor differed from the 
number on site. Over-estimates at KI and WE were 14% and 33% 
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logCL = .2136 + .8004*logBW 
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Figure 2. Regression of loglO burrow width (logBW) on loglO 
carapace length (logCL) 
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respectively, while underestimates at CY and HL were 22% and 
27%, respectively. The number of tortoises estimated at JW 
ranged' from 13 - 23 (19.8 - 35.1 /ha) , and at WP from 9 - 16 
on the one hectare plot. The estimated age-class structure at 
JW differed from that at WE, and from those at the other four 
sites (p<O.Ol). Age-class structure WP did not differ from 
those at CY, HL and KI (p>0.25) (Table 1). 
Morphometrics 
Morphological data for 69 adult females and 49 adult 
males were compared using mUltivariate analysis of variance. 
Significant differences (p<O.OOl) were found between males and 
females for all measurements and all calculated values except 
ANV. Females had greater values for TL, CL, PL, W, TH, AN and 
V, and males had greater values for AT, AW, PC, GP, AWN, ATN, 
ATV, AWV, PCV and GPV (Table 2). 
The discriminant function developed by McRae et ale 
(1981a) to classify individuals by sex, 
D = -3.4496 +(0.8842 * PCV) +(0.9657 * AWN) +(0.6282 * ATV) , 
accurately classified Sanibel tortoises. I developed a new 
discriminant function using PRoe STEPDISC and PROC DISCRIM in 
PC SAS (SAS Institute 1988). The same seven ratios used by 
McRae et ale (1981a) (ANV, ATV, AWV, GPV, PCV, ATN and AWN) 
were evaluated by PRoe STEPDISC for 30 adult tortoises (15 F, 
15 M) to determine which ratios to use in deriving the 
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Table 2. Adult female and male morphological parameters for 
gopher tortoises on Sanibel Island, Florida. All 
means except ANV and GP are significantly different 
(p<O.OOl). GP means are significantly different 
(p<O. 05) • See text (p. 20) for variable 
abbreviations. 
FEMALES MALES 
Var N Mean Std Dev N Mean Std Dev 
TL 69 321. 7 24.77 49 306.0 23.87 
CL 69 302.9 22.53 49 284.7 23.75 
PL 68 302.8 22.12 49 288.4 22.82 
W 69 218.1 16.97 49 203.6 16.36 
TH 69 129.0 8.99 49 123.3 9.91 
AN 67 46.3 5.64 48 36.8 4.26 
AT 66 11.4 1. 34 47 13.7 2.24 
AW 67 54.5 8.92 48 66.0 8.78 
PC 67 4.9 1.90 47 16.2 3.52 
GP 69 18.8 4.66 49 21.3 7.13 
V 69 8.64 1.84 49 7.27 1. 61 
AWN 67 1.18 0.185 48 1.81 0.295 
ATN 66 0.25 0.029 47 0.38 0.068 
ANV 67 5.51 0.765 48 5.29 1. 07 
ATV 66 1.36 0.213 47 1.94 3.76 
AWV 67 6.49 1.23 48 9.41 1. 64 
GPV 69 2.23 0.584 49 3.11 1. 34 
PCV 67 0.58 0.223 48 2.25 0.385 
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discriminant function. PCV and AWN were the only variables 
included in the model. These variables were then evaluated 
with PROC DISCRIM, and the following discriminant function was 
developed: 
o = -5.57 + PCV + (3 * AWN). 
Values less than 0 indicate a female and those greater than 0 
indicate a male. I evaluated the data from the remaining 82 
adult tortoises (50 females, 32 males) with this equation. 
The two equations discriminated equally well between sexes, 
i.e., the apparent error rates (a measure of the 
misclassification potential) were 0 for both equations. The 
mean 0 for females using the first equation is -0.935 (s.d. = 
0.3035) and for the new equation is -1.435 (s.d. = 0.5512). 
The corresponding values for males are 1.484 (s.d. = 0.6086 
and 2.089 (s.d. = 1.003). 
I also used PROC DISCRIM to classify the subadults using 
the criteria developed for adults. All 19 subadults I had 
subjectively classified as female were also classified as 
female by the equation. Three known males were classified 
correctly, and two of the remaining four animals I 
subjectively identified as male were classified as female. 
Based on either my subjective evaluation of tortoises in the 
field or the results of the discriminant function, the sex 
ratio of the subadults was significantly different from 1:1 
(19F:7M, 1:0.037, X2 = 5.538, p<0.025 and 21F:5M, 1:0.24, X2 = 
30 
9.846, p<0.005, respectively). Using the equation derived by 
McRae et al. (1981a), the three known males were classified 
correctly, and 10 other tortoises were identified as males. 
I used carapace length and age data for 85 juvenile, 
subadult and adult tortoises to fit the von Bertalanffy curves 
(Figure 3). For equation 1 (Doonan 1986), the mean CL at 
hatching, 49.71 rom (n=40), was used to determine b. The other 
parameter estimates and their asymptotic standard errors (ASE) 
were a = 339.2 ± 14.41 mm and k = 0.1154 ± 0.0115 /year. 
Using equation 2 (Diemer 1989), a = 324.9 ± 13.50 mm, k = 
0.1399 ± 0.01989 /year and to = -0.4881 ± 0.4925 yrs (Table 
3) • 
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Figure 3. Growth curves generated using two different von 
Bertalanffy equations 
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Table 3. Comparison of asymptotic carapace length (a) and 
intrinsic growth rate (k) for three Florida 
populations of gopher tortoises. Sanibel tortoises 
are compared to central Florida tortoises using 
Doonan's (1986) equation and estimates, and to north 
Florida tortoises using Diemer's (1989) equation and 
estimates. h = hatchling size. t = age intercept. 
Parameters are reported as estimate (asymptotic 
standard error) 
a 
k 
h 
a 
k 
t 
Central Florida 
338.7 mm (47.41) 
0.08152 (0.01864) 
45 mm 
North Florida 
309.3 mm (10.92) 
0.08115 (0.006331) 
-2.211 yrs (0.1550) 
Sanibel Island 
339.3 mm (14.41) 
0.1154 (0.01148) 
49.7 mm 
Sanibel Island 
324.9 mm (13.50) 
0.1399 (0.01989) 
-0.4881 yrs (0.4925) 
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DISCUSSION 
Demographics 
Age class structure at Casa Ybel, Heron's Landing, 
Kinzie Island and Wulfert Point was similar to that found in 
South Carolina (Wright 1982), west central Florida (Godley 
1989), southeast Florida (Fucigna and Nickerson 1989), and 
south Florida (Kushlan and Mazzotti 1984); proportions of 
adults in those populations ranged from 67-100%. Diemer 
(1989), Linley (1986), and Wester (1986) found proportions of 
adults from 30-54%, similar to those at West End and Joewood. 
It is clear that some populations consist almost entirely of 
adult tortoises with little or no recent recruitment into the 
breeding population. Factors apparently influencing this 
include fragmentation and loss of habitat, road kills, and 
predation by humans, feral dogs and cats, raccoons, snakes, 
hawks, fire ants (Auffenberg and Franz 1982, Causey and Cude 
1978, Diemer 1989, Douglass and Winegarner 1977) and possibly, 
inability of hatchlings to dig out of nests in soils with a 
high clay content (Wester 1986). Periods of drought, heavy 
rainfall or hurricanes may also differentially affect juvenile 
age classes (Kushlan and Mazzotti 1984). 
Mean clutch size (6.9) on Sanibel was significantly 
larger than that reported for South Carolina (3.8, Wright 
1982), southwest Alabama (3.5, Marshall 1987) and north 
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Florida (5.2, Iverson 1980), but not significantly different 
from those found in Georgia (7.0, Landers et ale 1980), north 
Florida (6.7, Taylor 1982; 5.8, Diemer 1989) and west central 
Florida (7.6, Godley 1989; 7.8, Linley 1986). Diemer 1989 
presented additional data from southwest Alabama (5.3, 
Marshall 1987 in Diemer 1989) and southeast Florida (8.9, 
Burke 1987), but I could not determine if these means were 
significantly different from the Sanibel mean. Limited clutch 
size data collected in March, 1990 (n = 6, mean = 9.17 ± 2.86) 
indicates an early onset of the nesting season as compared to 
more northerly areas (Diemer 1989, Iverson 1980, Landers et 
ale 1980), and also suggests either that females carrying 
large clutches begin shelling and laying eggs earlier, or that 
there may be some yearly fluctuations in clutch sizes. 
However, neither Linley (1986) nor Diemer (1989) found 
significant yearly fluctuations in clutch size. As 
radiography was not initiated until late April, and some 
females had already laid eggs by that time, the proportion of 
radiographed females carrying eggs underestimates the 
proportion of the adult females in the popUlation which laid 
eggs in 1989. 
Latitudinal variation exists in the timing of the nesting 
season. Tortoises nest in south Carolina late May through 
June (Wright 1982), in north Florida and southwestern Georgia 
mid-May through mid-June (Diemer 1989, Iverson 1980, Landers 
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et ale 1980), in central Florida from early May into June 
(Douglass 1976) and on Sanibel primarily from mid-April 
through May. Natural incubation times appear to vary 
latitudinally, with reports of 110 days in South Carolina 
(Wright 1982) and 102 days in Southwestern Georgia (Landers et 
ale 1980). Linley (1986) reported incubation times of 91-105 
days for eggs maintained at 30·C. Four Sanibel tortoise eggs 
(two clutches of two each) hatched in 88-89 days under natural 
conditions. Little information is available on the length of 
time gopher tortoise hatchlings remain in the nest, thus, 
definite laying dates cannot be based on dates of emergence. 
I believe that some Sanibel tortoises lay eggs outside 
the usual spring nesting season. Several observations suggest 
this: carapace lengths of 27 hatchlings ranged from 46.35 to 
52.35 rom on the day of emergence from the nest; CL of two 
measured 44.50 and 45.80 rom 1-2 days after hatching and 48.55 
and 49.60 rom 18-20 days after hatching. CL of five others 
averaged 52.04 rom five days after hatching. Four tortoises 
captured from 24 March to 24 June measured 48.30 - 53.85 mm 
CL, and one tortoise captured 18 July, measuring 65.4 mm CL, I 
judged to be one year old. Another, captured 3 November and 
measuring 60.1 rom, I classified as young-of-the-year. Based 
on these data, the mild winters on sanibel, and finding a pair 
in copula on 6 September, I find it reasonable to conclude 
that some females lay eggs during the late fall through early 
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spring months. This contrasts with reports from other areas 
which indicate a well-defined spring nesting season (Diemer 
1989, Iverson 1980, Landers et ale 1980, Wright 1982). 
Sex ratios of adult Sanibel tortoises (skewed toward 
females) contrast with those found by other researchers (Table 
4). In north Florida, Diemer (1989) found that sex ratios 
(F:M) of captured adults fluctuated over the five years of her 
study, ranging from 1:0.73 to 1:2 with overall sex ratios 
favoring males. McRae et ale (1981a), Godley (1989), Fucigna 
and Nickerson (1989) also found ratios skewed toward males. 
Auffenberg and Iverson (1979) and Godley (1989) reported sex 
ratios nearly 1:1 or favoring females. Sanibel tortoises 
generally have one or more well-traveled roads adjacent to or 
through their home ranges. As males have larger home ranges 
than females (Bard 1989, Diemer 1989, McRae et ale 1981b) they 
may be more susceptible to being hit by automobiles and 
predation, which could account for the prevalence of females. 
However, the subadult sex ratio on Sanibel appears to be even 
more highly skewed than the adult ratio. Until accurate non-
lethal sexing techniques for hatchlings and juveniles can be 
developed, and better assessments of juvenile and subadult 
mortality can be made, it will be difficult to document the 
existence and evaluate the significance of skewed sex ratios. 
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Table 4. Sex ratios of adult gopher tortoises on Sanibel 
Island compared to other areas. Chi-square values 
compare individual study sex ratios to that on 
Sanibel 
STUDY N, F:M SEX RATIO p 
This study 69:49 1:0.71 
Auffenberg and 49:52 1: 1. 06 1.790 >0.100 
Iverson, 1979a 
Diemer, 1989b 67:113 1: 1. 69 14.891 <0.001 
Fucigna and Nickerson, 16:38 1:2.38 11. 204 <0.001 
1989b 
Godley, 1989c 
Gardinier 46:65 1:1.41 5.974 <0.025 
Collier 55:36 1:0.65 0.082 >0.75 
Linley, 1986 27:25 1:0.93 0.630 >0.25 
McRae et al., 1981a 54:78 1: 1. 44 7.005 <0.01 
aBased on museum specimens. 
bsex ratios for the study sites were not significantly 
different from each other, so the values were combined, and 
the totals compared to this study. 
cSex ratios for the two sites were significantly 
different, so they were evaluated separately. 
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The sex ratio at Kinzie Island was skewed (16F:6M, 
1:0.35, X2=4.55, p<0.05) before any tortoises were removed 
prior to construction activities. Factors contributing to the 
skewing may include differential mortality for males and 
females or increased emigration of males. Subadult males may 
move further on dispersal movements (J. Diemer, Florida Game 
and Fresh water Fish Commission, Gainesville, pers. com.), and 
the fact that KI is actually an island may be less of a 
deterrent to dispersing males than females. The lack of 
nearby colonies due to residential development further reduces 
the possibility of immigration. The removal without return of 
3 males and 2 females due to construction further skewed the 
sex ratio, and presumably has affected the social hierarchy in 
this population (Douglass 1976). The remaining three male 
tortoises may have a greatly increased influence on the 
genetic make-up of future cohorts due to reduced competition. 
Densities of tortoises (tortoises/ha) on Sanibel (Table 
1) generally were higher (mean = 16.7 t/ha) than those 
reported elsewhere (Table 5). Most estimates range from 0.4 
to 2.4 t/ha (Wright 1982, Breininger et al. 1988, Doonan 1986, 
Fucigna and Nickerson 1989, Godley 1989) but Diemer (1989) 
found approximately 7.6 t/ha. Logan (1981) found densities 
ranging from 0.3 to 11.9 tortoises/ha on federal lands in 
Florida while Kushlan and Mazzotti (1984) estimated the Cape 
Sable population at 11.3/ha, but this population has 
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Table 5. Tortoise density (tortoises/ha) estimates in various 
habitats 
LOCATION8 DENSITY HABITAT REFERENCE 
SC 0.4 turkey oak/hawthorn Wright 1982 
SE FL 0.8 scrub/hammock Fucigna and 
Nickerson 1989 
WC FL 1.1 mixed Godley 1989 
MI FL 1.1 - 1.4 pine flatwoods, oak Breininger et 
and palmetto scrubs 1988 
SC 1.8 pine/turkey oak Wright 1982 
EC FL 2.4 disturbed Doonan 1986 
MI FL 2.4 disturbed Breininger et 
1988 
NO FL 7.6 pine/oak Diemer 1989 
CS FL 11.3 coastal grassland Kushlan and 
Mazzotti 1984 
aLocation abbreviations: SC = South Carolina; SE FL = 
southeast Florida; WC FL = west central Florida; MI FL = 
Merritt Island, Florida; EC FL = east central Florida; 
NO FL = north Florida; CS FL = Cape Sable, Florida. 
al. 
al. 
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fluctuated considerably due to weather conditions. Auffenberg 
and Franz (1982) presented estimates for various habitats: 
xeric hammock, 0.07/ha: longleaf pine-turkey oak association, 
0.86/ha: sand pine-scrub oak ridge, 1.43/ha: ruderal, 8.00/ha. 
Densities within colonies in these habitats may reach 3.09/ha, 
10.23/ha, 13.76/ha (beach scrub), and 26.61/ha, respectively. 
Delineation of colonies is somewhat arbitrary, with no set 
criteria to determine where a colony begins or ends. This can 
be a serious problem when evaluating habitat proposed for 
development. Using the lower figures on large sites may 
designate the habitat as of marginal value, and allow the 
destruction of healthy colonies using only a small portion of 
the available area. Mapping of the burrows and delineating a 
prfh 50-70' circle around each burrow, as has been recently 
proposed, should give a better idea of the use patterns on 
that land and enable more accurate determination of "within-
colony" density. 
Due to the extensive fragmentation of habitats on Sanibel 
primarily due to human activities, the relatively uniform 
distribution of burrows within suitable or available habitat, 
and the propensity of male tortoises to move fairly long 
distances to visit females, it was difficult to impossible to 
identify colonies or calculate densities within them. 
The differences in age class structures and densities 
seen among sites on Sanibel are probably the result of habitat 
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variation, particularly elevation, the presence of exotic 
vegetation and the amount of available forage (McLaughlin 
1990). Fragmentation of habitat due to development and 
subsequent contraction of the remaining animals into smaller 
areas, predation pressure, differential responses of 
vegetation to recent drought conditions and the presence of a 
respiratory disease (Elie and McLaughlin 1989) may also play 
significant roles in population structure. 
Hatchlings were not included in the age structure and 
density estimates because the search effort at different sites 
varied considerably during the time hatchlings were emerging. 
It is extremely difficult to find hatchlings and young 
juveniles, as they often shelter under debris or hide their 
burrows (Douglass 1978). 
Proportions of active and inactive (a + i) to old burrows 
and occupied to a + i burrows vary not only on Sanibel, but 
among other regions of the tortoises' range also. Auffenberg 
and Franz (1982) published the first correction factor (CF), 
0.614, for estimating tortoise density from a + i burrow 
numbers. For several years, this factor was applied to 
habitats throughout Florida without testing to see if it was 
valid. Recent work has shown that individual areas, even 
those in similar habitats close to one another, can differ 
greatly in this ratio. Diemer (1989) reported CFs of 0.50, 
0.61 and 0.63 for three north Florida sites and Godley (1989) 
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reported CFs of 0.550, 0.605 and 0.615 for his west central 
Florida sites. Lower values were reported by Breininger et 
al. (1988) from Merritt Island (0.14-0.50, mean = 0.17), 
Fucigna and Nickerson (1989) from southeast Florida (0.11), 
and Doonan (1986) from central Florida (0.305 and 0.355). H. 
Mushinsky and D. Wilson (Univ. So. Florida, Tampa, pers. com.) 
have derived CFs as low as 0.30 for several sites. As some 
investigators included only active and maybe active burrows, 
and not inactive ones in developing their CFs, and others 
included all burrows, it is necessary to ascertain which 
method was used before applying these correction factors. 
Many factors, including habitat variation, fragmentation 
and perturbation, predation, disease and weather conditions 
can influence both the actual density of tortoises on a site 
and their activity level on a particular day. On development 
sites, uncaptured tortoises may have emigrated due to 
disturbance before the study began, so the density prior to 
construction may have been greater. As construction proceeds 
on sites, the available habitat will be further reduced, 
increasing densities on the remaining areas. Tortoises on 
active construction sites on Sanibel would typically wait 
until late afternoon on work days before emerging to forage, 
but would emerge in the morning and mid-afternoon on weekends. 
An evening storm before a work day could leave many burrows 
with leaves and twigs in the entrance until late the following 
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day, possibly leading to significant underestimates of the 
number of tortoises on a site. Additionally, a few tortoises 
used burrows which appeared abandoned, and never cleared 
debris from the entrance. Limited use of a fiber-optic scope 
(loaned by Olympus, Inc.) enabled me to positively determine 
occupancy of some burrows, but others turned too sharply or 
were too long to allow adequate visualization. Other camera 
systems (e.g., Spillers and Speake 1988) may be more suitable 
for censusing gopher tortoise colonies. 
Estimates of size/age class structures of populations 
based on burrow surveys were first generated by Alford (1970) 
using a regression equation, 
log,o CL = 0.149 + 0.879 log,o BW (r = 0.95), 
derived from 45 burrow width-carapace length pairs. Diemer 
(1989) also generated a regression equation, 
log,o CL = 0.0701 + O. 9292*10g,0 BW (r = 0.94), 
based on 59 BW-CL pairs. She found that her equation was not 
significantly different from Alford's, and generated a 
combined equation: 
log,o CL = 0.09333 + 0.9155*10g,0 BW. 
The equation generated from my data, 
log,o CL = 0.2136 + 0.8004*10g,0 BW (r = 0.88), 
has a slope significantly different from Diemer's (t = 2.373, 
df = 120, p<0.02). Martin and Layne (1987) generated a 
regression equation based on actual BW and CL measurements: 
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CL = 67.4 + 0.67*BW (r = 0.88). 
I also generated an equation based on actual measurements: 
CL = 4.3866 + .6807*BW (r = 0.85) 
The differences found among these equations indicate that 
caution may be necessary in applying regression equations 
developed in one soil type to colonies in other soils, and 
then comparing estimated carapace length distributions of the 
populations. 
Morphometries 
Sanibel tortoises may average larger than some of their 
northern counterparts (Figure 4, Table 6). Comparisons of 
mean CL of adults are confounded by apparent differences in 
growth rate and age at sexual maturity in different areas, 
leading to different criteria for assigning individuals to age 
classes (Diemer 1989, Doonan 1986, Iverson 1980, Landers et 
al. 1982). Also, some investigators did not distinguish 
between immature and mature animals in their samples (Fucigna 
and Nickerson 1989, Godley 1989). 
Comparison of the asymptotic size and intrinsic growth 
rate of Sanibel tortoises (Table 3) to those estimated by 
Doonan (1986) and Diemer (1989) reveal no significant 
differences (p>0.05) in asymptotic CL. The growth rates of 
Sanibel animals and those from northern Florida are 
significantly different (0.1399 vs. 0.08115 /year, t = 2.815, 
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Table 6. Comparison of carapace length (CL) in mm (N, 
maximum) of male and female tortoises from Sanibel 
Island and other areas 
AREA FEMALES MALES REFERENCE 
WC FL 247.4 (55, 295) a 244.4 (36, 285) a Godley 1989b 
SE FL 251 (11, 328) 247 (23, --) Fucigna and 
Nickerson 1989b 
N FL 262.5 (67, 307) 236.0 (113, 285) Diemer 1989 
SW GA 286.5 (54, 328) 259.0 (78, 282) McRae et al. 
1981a 
WC FL 299.8 (46, 356) 275.1 (65, 315) a Godley 1989b 
SAN 302.9 (69, 351) 284.7 (49, 324) This study 
~aximum estimated within 5 mm from figures in paper. 
b Samples may include subadults and juveniles. 
(--) Maximum not reported. 
WC FL = west central Florida, SE = southeast, N = north, 
SW GA = southwest Georgia, SAN = Sanibel Island. 
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p<O.OOl), but that of tortoises from central Florida is lower 
but not significantly different (0.1154 vs. 0.08152, t = 
1.548, P = 0.06) from Sanibel animals (Figure 5). This lack 
of difference may be due in part to small sample size for 
central Florida (n=39). Carapace length estimates for ages 0-
20 using the different equations are presented in Table 7. 
These comparisons illustrate a problem with comparing growth 
parameters estimated from different equations. The asymptotic 
CL of Sanibel tortoises estimated by Doonan's method is 
significantly different from Diemer's estimate (t = 1.659, 
p<0.05), and the intrinsic growth rate of Sanibel tortoises 
estimated as Diemer did was significantly different from 
Doonan's estimate (t = 2.1417, p<0.05). Differences in the 
distributions of the data sets may further confound the 
appropriateness of the comparisons. Difficulty in accurately 
assigning ages to tortoises based on annuli counts is another 
source of error (Berry 1987, Diemer 1989, Landers et al. 
1982). Finally, the estimated CL at hatching (t = 0) of 
Sanibel tortoises generated by the equation Diemer used is 
only 21.44 rom, 28.27 rom smaller than the actual value. This 
may be due to the lack of observations in the early year-
classes in the data set I used to derive the equation. 
I believe actual differences in growth rates do exist and 
may be due to both the longer active season and the greater 
availability of forage in Sanibel's West Indian scrub habitat 
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Table 7. comparison of CL at ages 0-20 estimated from 
Doonan's (1986) and Diemer's (1989) parameters, and 
for Sanibel parameters by the equations used by 
Doonan (Sanibel A) and Diemer (Sanibel B) 
AGE 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
DOONAN 
45.0 
68.0 
89.2 
108.7 
126.7 
143.3 
158.6 
172.7 
185.7 
197.7 
208.7 
218.9 
228.3 
236.9 
244.9 
252.2 
259.0 
265.2 
271. 0 
276.3 
281.2 
SANIBEL A 
49.7 
81.3 
109.4 
134.5 
156.8 
176.7 
194.4 
210.2 
224.3 
236.8 
248.0 
257.9 
266.8 
274.7 
281.7 
288.0 
293.6 
298.6 
303.0 
307.0 
310.5 
DIEMER 
50.8 
71.0 
89.6 
106.7 
122.5 
137.0 
150.4 
162.8 
174.2 
184.8 
194.5 
203.4 
211. 7 
219.3 
226.3 
232.8 
238.7 
244.2 
249.3 
254.0 
258.3 
SANIBEL B 
21.4 
61.1 
95.5 
125.5 
151.5 
174.1 
193.8 
210.9 
225.8 
238.7 
250.0 
259.8 
268.3 
275.7 
282.1 
287.7 
292.5 
296.8 
300.4 
303.6 
306.4 
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(McLaughlin 1990), both in terms of biomass and on a seasonal 
basis. Many shrub and tree species on Sanibel do not fruit 
synchronously, so food items such as Ficus aureus, Forestiera 
segregata and Opuntia spp. may be available for an extended 
time period or at several times during the year within an 
animal's home range. Sanibel tortoises curtail their 
activities in the winter months (E. Lindblad, SCCF, Sanibel, 
Florida, pers. com.) but apparently not as much as those in 
northern areas (Diemer 1989, McRae et ale 1981b, Means 1982). 
Although Sanibel tortoises may grow faster, they do not 
necessarily reach sexual maturity earlier, or at the same size 
as northern tortoises. My estimate for male maturity is 9 -
13 years, the same as Diemer (1989), but lower than the 16 -
18 years estimated for Georgia males (Landers et ale 1982). 
The smallest mature males I found were 225 and 226 mm CLi the 
larger was 10 years old and the smaller I could not age. Two 
other males, a 246 mm 10-year-old and a 248 mm 13-year-old may 
have been mature. 
Some Sanibel females may mature earlier than northern 
tortoises, possibly as young as 9 years, compared to estimates 
of 10-15 years (Iverson 1980) and 14-18 years (Diemer 1989) in 
north Florida, and 19-21 years in Georgia (Landers et ale 
1982). Although Iverson (1980) and Diemer (1989) found 
sexually mature females at about 230 rom CL, and Landers et ale 
(1982) estimated size at maturity to be 250-260 mm, the 
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smallest gravid females I found were 282 and 284 mm CL. The 
smaller of these was 12 years old but I could not age the 
larger. I captured one mature female of CL 238 mm which I 
could not age accurately. I also found five females ranging 
in age from 7 to 11 years and in size from 239 to 242 mm that 
I classified as immature. Two 9-year-old females of CL 260 
and 265 rom were not gravid when radiographed in late April. 
Size is unlikely to be the only factor determining sexual 
maturity. There may be physiological constraints on 
attainment of maturity that are based on actual chronological 
age. 
until research is done on genetic differences among 
populations, there is no way of assessing the degree or 
impacts of the genetic mixing resulting from past 
introductions. Further studies of gopher tortoise growth 
rates in relation to habitat parameters and climatic 
conditions are warranted. Differences in lifetime 
reproductive potential of tortoises from different areas may 
be based on both genetic and environmental factors. Better 
understanding of the interactions of these factors is 
necessary to properly manage for this species under different 
conditions. 
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HABITAT CHARACTERISTICS AND HOME RANGES OF GOPHER TORTOISES 
(Gopherus polyphemus) ON SANIBEL ISLAND, FLORIDA 
60 
ABSTRACT 
Gopher tortoises were studied on Sanibel Island, Lee 
County, Florida, where they live mainly along the mid-island 
and Gulf Coast ridges. Differences in habitat variables among 
study sites were influenced by disturbances to the sites and 
could not be correlated with soil type or elevation. Tortoise 
densities were highest on sites of higher elevation (>1.2 m), 
but did not appear to be strongly correlated with other 
habitat variables. possible reasons for observed densities 
and age class structures are discussed. Home ranges were 
estimated with the minimum convex polygon (MCP) and harmonic 
mean CHM) methods. Mean estimates for males (MCP = 1.05 ha, 
HM = 1.87 hal were similar to those in other parts of the 
species' range, but for females CMCP = 0.058 ha, HM = 0.062) 
were much smaller than elsewhere. 
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INTRODUCTION 
Ecological studies of gopher tortoises (Gopherus 
polyphemus) have been conducted in South Carolina (Wright 
1982), Georgia (Landers and Speake 1980, McRae et a1. 1981, 
Means 1982), Mississippi (Lohoefener 1982, Lohoefener and 
Lohmeier 1981), northern Florida (Diemer 1986), central 
Florida (Doonan 1986, Douglass 1976, Macdonald and Mushinsky 
1988), and on Merritt Island on the east coast of Florida 
(Breininger et a1. 1988). Although demographic estimates were 
made for the Cape Sable, Florida, population, no habitat 
characteristics were measured (Kush1an and Mazzotti 1984). 
Most studies have been in longleaf pine/oak associations, but 
that of Breininger et al. (1988) was in scrub and slash pine 
habitats, and that of Kushlan and Mazzotti (1984) was in 
coastal prairie. Tortoises have been reduced by up to 80% of 
their former numbers in the last 100 years, primarily due to 
exploitation by humans and habitat loss from increasing 
development (Auffenberg and Franz 1982). 
Home range estimates have been made for gopher tortoises 
in Georgia (McRae et al. 1981), northern Florida (Diemer 1989) 
and central Florida (Doonan 1986). Additional home range 
observations were presented by Douglass (1976) for central 
Florida and by Wright (1982) for South Carolina. These 
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studies have all used the minimum convex polygon method for 
estimating home range. 
To date no work has been published regarding general 
ecology or home range estimates of tortoises on Gulf Coast 
barrier islands or characteristics of the coastal berm habitat 
in which they are found on some of these islands. 
The Sanibel-Captiva Conservation Foundation (SCCF) has 
conducted occasional surveys to determine the locations and 
relative densities of gopher tortoises on Sanibel Island, Lee 
County, Florida. sanibel has had a high rate of both 
residential and commercial development (primarily golf courses 
and resorts) during the 1980s. Due to the rapid development 
and the concomitant loss of upland habitats, more information 
was needed to properly manage SCCF lands to maintain or 
increase their existing tortoise populations, to prepare 
guidelines for use by the City of Sanibel in protecting island 
populations, and to assess the impacts of development on 
tortoises. 
I examined vegetative characteristics of, and home ranges 
and movements of gopher tortoises within coastal berm habitat 
on Sanibel Island. The purposes were to provide basic 
ecological information for use in rehabilitating degraded 
habitats, planning developments and relocating tortoises 
threatened by those developments, and to compare home ranges 
of Sanibel tortoises to those in other parts of their range. 
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STUDY SITES 
Sanibel Island 
Sanibel Island lies off the Gulf Coast of Florida, 
between approximately 26°25' and 26°30'North, 82°00' and 
82°11'West, in Ranges 21, 22 and 23 East, Township 46 South 
(Figure 1). Unlike other Florida barrier islands which have a 
north-south orientation, Sanibel lies with its long axis 
primarily in an east-west alignment. Elevations range up to 
4.27 m above sea level (Cooley 1955, Henderson 1984). Most 
elevations are 0.9-1.5 m above mean sea level. In general, 
the water table lies at a depth of 0.25-1.02 m for much of the 
year (Henderson 1984). 
The Soil Conservation Service (Henderson 1984) identified 
the general soil units mapped on Sanibel as the Wulfert-
Kesson-Captiva and the Canaveral-Captiva-Kesson units. Both 
are nearly level, somewhat poorly to very poorly drained, 
primarily sandy soils with shell fragments. Wulfert soils are 
mostly organic muck found in mangrove forests. Kesson soils 
are tidally influenced sands and muck. 
On Sanibel Island, gopher tortoises are found primarily 
in areas with elevations greater than 1 m and with little to 
no development. Canaveral Fine Sand is the primary soil 
subunit found in these areas. These soils are moderately well 
to somewhat poorly drained, and found on low ridges. On 
Sanibel, they are found along the mid-island ridge, the 
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Figure 1. Map of Sanibel Island, showing locations of the six 
study sites. CY = Casa Ybel, HL = Heron's Landing, 
JW = Joewood, KI = Kinzie Island , WE = West End, 
WP = Wulfert Point 
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western end of the island, and the Gulf Coast ridge. These 
sands are 2 m or more deep, black to light grey (depending on 
depth), and mixed with shell fragments. The Gulf Coast ridge 
is almost entirely made up of shell fragments with little 
mineral sand. For 2-6 months of the year, the water table is 
at a depth of 0.46-1.02 m, receding to deeper than 1.02 m in 
February to July (Henderson 1984). 
The natural vegetation of the island ridges consists 
primarily of cabbage or sabal palm (Sabal palmetto), seagrape 
(Coccoloba uvifera), golden or strangler fig (Ficus aureus), 
gumbo limbo (Bursera simaruba), and myrsine (Myrsine 
guianensis), numerous shrubs including wild olive (Forestiera 
segregata), joewood (Jacguinia keyensis), wax myrtle (Myrica 
cerifera), poison ivy (Rhus radicans), and beach or golden 
creeper (Ernodia littoralis) , and many vines, grasses and 
forbs (see Appendix) (Cooley 1955, Henderson 1984). 
Much of the western end of the island and the eastern 
portion of the mid-island ridge was under cUltivation from the 
early 1880s to the late 1920s (Cooley 1955). These areas 
still show evidence of agricultural activities from that time 
period in the form of disturbed soils, drainage systems,and 
exotic vegetation. Several exotic species, particularly 
Brazilian pepper (Schinus terebinthifolius) , have become 
established on the island, and are quite prominent in the 
landscape. Schinus is dominant in the intermediate elevations 
66 
(0.76-1.37 m) of the island, shading out native forbs, grasses 
and shrubs. Australian pine (Casuarina eguisetifolia) has 
also become a dominant tree on some parts of the island, 
negatively affecting native vegetation due to the dense shade 
and deep litter in the stands. 
Captiva Fine Sand is poorly drained soil found on either 
side of the mid-island ridge, in wet uplands and wet lowlands. 
It is black fine sand to a depth of about 15 cm, underlain by 
fine sands mixed with shell fragments to a depth of 2.0 m or 
more. The water table in these soils is within 0.25 m of the 
surface for 1-2 months, and 0.25-1.02 m for 10-11 months. 
Water can stand on these soils for periods of several days 
under high rainfall conditions. Natural vegetation consists 
of cabbage palm, sand cordgrass, leatherleaf fern, wax myrtle, 
and introduced Brazilian pepper. Tortoises will burrow in the 
higher portions of this unit, particularly during droughts. 
Tortoises are also found in areas classified as urban land 
complexes and filled areas. 
Individual Sites 
Six study sites on the island (Figure 1) were chosen 
primarily on the basis of the ecological zones in which they 
are situated. Three sites (Casa Ybel, Kinzie Island and 
Wulfert Point) are predominantly in the mid-island ridge zone, 
with portions of Kinzie Island (KI) and Wulfert Point (WP) in 
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the wet upland zone. The other three sites (Heron's Landing, 
Joewood and West End) are primarily in the Gulf Ridge zone, 
with some wet uplands at Joewood (JW). At the beginning of 
the study, Heron's Landing, Kinzie Island and West End were 
undergoing residential development and information was needed 
on the tortoises occupying these sites and the impacts of the 
development process on them. The other sites, While not 
actively being developed, had undergone varying degrees of 
disturbance in the past and were under consideration for 
development or, in the case of Casa Ybel, for rehabilitation. 
They were chosen primarily to collect baseline data for future 
studies. One hectare study plots were established at Casa 
Ybel, Heron's Landing, Kinzie Island and Wulfert Point. The 
whole site was used as the study plot at Joewood and West End. 
Casa Ybel (CY) is located west of Casa Ybel Road north of 
the old airstrip, in Sec. 25, R. 22E. Elevations range from 
approx. 0.95-1.90 m on the site and 1.22-1.83 m on the study 
plot. Soils are in the Canaveral and Captiva units. Tortoise 
density on the site was estimated at 22.0 tortoises/ha (t/ha) 
(MCLaughlin 1990). This area has been severely degraded due 
to agriculture in the 1800s and early 1900s and more recent 
use as a dump site. It is dominated by exotic vegetation, 
especially Schinus and Agave spp. A former roadway and other 
areas are compacted and support little vegetation. Discarded 
construction materials, cans, glass, 
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appliances, etc., are prominent aspects of the landscape. 
Casa Ybel has recently been donated to the Sanibel-Captiva 
Conservation Foundation to be rehabilitated and used as a 
research site. 
Heron's Landing (HL), elevation 0.58-1.77 m, was affected 
by exotic vegetation (Schinus and casuarina) and dumping. It 
was cleared in 1988 and is currently being developed. Prior 
to the clearing operation, tortoises inhabiting burrows which 
would be disturbed were captured and placed in a pen built 
around several existing burrows on the site. There were 
approximately 3.51 ha of potentially or currently suitable 
habitat after roads, tennis courts and a pool were built, but 
prior to home construction. During the study, tortoises used 
less than 2 ha of the site. The remainder recently was 
covered 100% by Schinus and casuarina and had, therefore, not 
been used by tortoises. The clearing process led to major 
disruption of the soil and further limited the suitability of 
the area. Tortoise density on the utilized portion was 
approximately 10 t/ha. Development plans call for 11 single 
family homes and three duplexes to be built on the site in 
Sec. 13, R. 21E. Minimum areas «15% of each lot) have been 
designated to be undisturbed by construction activities or 
rehabilitated for tortoise habitat, and additional areas on 
individual lots may be designated during the permitting 
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process. Soils are in the Canaveral and Captiva Urban 
Complexes and Wulfert units. 
Joewood (JW) is located on Joewood Drive, Sec. 18, R. 
22E. This site is relatively undisturbed with soils in the 
Canaveral unit. The elevations range from 1.55-2.07 m. This 
0.66 ha site, comprised of portions of four lots, is bounded 
by Joewood Drive to the south, a swale dropping to about 1 m 
to the north, and houses with landscaping to the east and 
west. Tortoise densities were estimated at 18.0 t/ha. 
Kinzie Island (KI) is an artificial island created by 
dredging mosquito control canals and is classified in the 
Canaveral Urban Soil Complex with elevations ranging from 
0.94-1.49 m. Located in Sec. 20, R. 23E, it had about 5.2 ha 
of suitable habitat with a density of 4.6 t/ha prior to any 
construction. Roads, two tennis courts and a community pool, 
built in 1989, reduced the habitat by 0.72 ha. However, five 
tortoises removed from the site prior to those construction 
activities escaped and were not recaptured, so the density 
prior to home construction was 4.2 t/ha. The development plan 
calls for 22 single-family homes to be built. Seven were 
completed or under construction during the study period. 
Homes range from about 5000 - 7500 sq. ft. (465 - 700 m2) with 
swimming pools and parking areas taking up additional space. 
No provision was made for a single large protected area for 
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tortoises, and tortoise habitat is delineated on each plot map 
during the development permitting process. 
West End (WE) is located north of West Gulf Drive in Sec. 
29, R. 22E. It is a relatively undisturbed 0.802 ha site in 
the Canaveral soil unit with elevations ranging from 2.04-2.29 
m. A very high density of 24.9 t/ha was found here. A 
portion of it has been deeded to the City of Sanibel as gopher 
tortoise preserve, and the remainder placed in the 
conservation easement program, which constrains the activities 
of the lot owners regarding landscaping, construction and 
management. Some Schinus was removed from this site in 1988 
and the remainder in 1989. 
Wulfert Point (WP) , Sec. 12, R. 21E, is the largest 
remaining tract of recently undisturbed land on Sanibel 
Island. The soils are in the Canaveral unit, consisting 
nearly entirely of shells and fragments with little quartz 
sand. Agricultural activities from about 1870-1930 impacted 
the site, but the native vegetation has largely recovered. 
There are some large stands of Casuarina, but there has been 
little invasion of Schinus. Elevations at this site range 
from 0.76-2.74 m, with those on the plot from 0.82 to 1.86 m. 
The estimate of tortoise density on the plot was 12.5 t/ha. 
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METHODS 
Site Characterization and Burrow-Vegetation Relationships 
I sampled vegetation on all six sites in order to assess 
site characteristics and determine burrow-vegetation 
relationships. At Casa Ybel, Heron's Landing, Kinzie Island 
and Wulfert Point, I established a one ha plot 50 m x 200 m 
with the long axis parallel to the major ridge on the site. 
At West End and Joewood I used the entire site as the sample 
plot. I used aerial photos and topographic maps to locate 
plots on the larger sites. These were oriented parallel to 
the major ridge(s). I established three or four transects at 
each site by randomly choosing starting points along one short 
side of the plot. The transects were ~ 8 m apart to avoid 
overlapping sample arrays and to ensure adequate coverage of 
the site. I used the random number generator of a Texas 
Instruments TI-35 Plus calculator to choose starting points. 
Sample arrays were established every 15 m along the 
transects beginning 0-5 m from the baseline, again selected 
randomly. At each array, I sampled vegetation at the zero 
point and at distances of 0.5, 1.5 and 2.5 m from the zero 
point in four directions: in both directions along the 
transect line and perpendicular to the line. All species in 
the herb, shrub and tree layers overhanging or growing at each 
of the 13 points was recorded, as was the material at ground 
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level (e.g., sand, soil, litter). The data were reduced to 
eight categories as follows: bare ground (BARE), litter 
(LITT), other (including asphalt, garbage, water, gravel, 
etc.) (OTHR) , edible herbaceous plants including grasses 
(EDHB), non-edible or introduced herbaceous plants excluding 
grasses (OTHB), shrubs (SHRB), native trees (NATR) and 
non-native trees (NNAT) (see Appendix). Edible herbs included 
plants tortoises were seen eating or that have been reported 
in the literature (e.g., Macdonald and Mushinsky 1988). 
I sampled vegetation in a similar fashion at each burrow 
in the study plots, and at all burrows at KI and HL. The zero 
point was the middle of the top of the burrow entrance, with 
samples taken along one line bisecting the burrow entrance and 
another perpendicular to the first. The aspect (direction the 
opening was facing) of each burrow was also recorded. These 
data were evaluated to determine if the tortoises were 
orienting the burrows non-randomly. 
The vegetation data were analyzed with PC SAS (SAS 
Institute 1988) for frequency of each category on an array-by-
array basis. Means were compared with Tukey's studentized 
range test (SAS Institute, 1988). Transect and burrow data 
collected within each site were compared by mUltivariate 
analysis of variance, as were the combined sets from all six 
sites, to explore any possible selectivity in the tortoises' 
use of the available habitat. To remove some of the effects 
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of the tortoises on the vegetation, the points in front of the 
burrows were removed from the data set, a similar set of 
points was removed from the transect data and the data 
reanalyzed. Transect data and burrow data from all six sites 
were compared separately to evaluate site-to-site variation. 
Home Ranges 
I fitted 19 adult tortoises with single-stage 
transmitters (Model SM-1, AVM Instruments, Inc. Livermore, 
CA). Transmitters weighed approximately 15 g, and were 
attached to the carapace with dental acrylic. I placed 
transmitters on the posterior aspect of males' carapaces, but 
on the anterior aspect of females' carapaces to lessen 
possible interference with copulatory attempts. I tracked the 
animals with a hand-held, 4-element Yagi antenna and a multi-
band programmable receiver (ATS, Wisconsin). Occasionally, I 
used a truck-mounted double Yagi antenna system to find 
individuals which had moved out of the range of the smaller 
antenna. 
I instrumented two males and two females at sites KI, CY 
and WE, and three of each sex at HL. The transmitter of one 
CY male failed within one weeki he was later recaptured and 
re-outfitted. A failed transmitter on one male at WE was also 
replaced. One WE female disappeared after approximately two 
months. The other became critically ill late in the study 
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so her transmitter was removed and placed on an additional 
female at HL. All tortoises instrumented at HL were either 
residing in the pen when outfitted, or had been at one time. 
Only one male at HL was free-ranging for the entire study 
period and was the only animal from HL included in the mean 
home range estimates. I located tortoises 3-7 days per week. 
Due to the short transmission distance of the transmitters, 
dense vegetation, and the propensity of tortoises to stay in 
their burrows, over 99% of the locations were pinpointed, 
rather than triangulated. 
Home range estimates were made using MCPAAL (stuwe and 
Blohowiak 1985) minimum convex polygon and harmonic mean 
(Dixon and Chapman 1980) estimators. Mean home range 
estimates for males and females were compared with the 
Mann-Whitney U test (Zar 1984). 
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RESULTS 
site Characterization and Burrow-Vegetation Relationships 
There were differences among sites in both the number of 
species in each category and in the proportion of the total 
vegetation each category comprised (Table 1). At Casa Ybel 
edible herbs were extremely limited [gopher apple (Lycania 
michauxii, 5% of all vegetation), st. Augustine grass 
(stenotaphrum secundatum, 4%), and butterfly pea (Centrosema 
virginiana, 2%)]. Schinus made up 44% of the vegetation, 
native trees comprised 24%, and native shrubs accounted for 
only 4%. At Heron's Landing, approximately 25 species of 
edible grasses and forbs comprised only 18% of the vegetation. 
However, native shrubs constituted 29% of the vegetation, with 
poison ivy accounting for 10% and wild olive for 8%. Native 
trees, primarily sea grape (19% of all vegetation) and 
buttonwood (Conocarpus erectus, 7%), made up 35% of the 
vegetation. Joewood had little exotic vegetation (4% of 
total). The sampled vegetation included 15% edible grasses, 
mostly muhly (Muhlenbergia capilliformis, 10%) and natal grass 
(Rhynchelytrum roseum, 4%). Additional edible herbs comprised 
11% of the vegetation. Shrubs and native trees constituted 
61% of the vegetation, particularly seagrape (14%), wild olive 
(11%), golden creeper (9%), and myrsine (8%). Kinzie Island, 
with edible herbs making up 44% and 
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Table 1. Number of species (N) and percentage of total 
vegetation (%) in each of five vegetation categories 
found at six sites on Sanibel Island. CY = Casa 
Ybel, HL = Heron's Landing, KI = Kinzie Island, JW 
= Joewood, WE = West End, WP = Wulfert Point; EDHB = 
edible herbs, OTHB = other herbs, SHRB = shrubs, 
NATR = native trees, NNAT = non-native trees 
Vegetation 
category 
EDHB (N) 
% 
OTHB (N) 
% 
SHRB (N) 
% 
NATR (N) 
% 
NNAT (N) 
% 
CY HL 
23 21 
20 18 
9 9 
3 11 
8 14 
6 29 
6 8 
24 35 
2 2 
47 7 
stu d Y Sit e 
KI JW WE WP 
21 20 18 14 
26 43 46 28 
6 7 5 6 
10 6 4 4 
13 9 11 15 
33 17 30 31 
5 8 6 6 
27 26 18 35 
2 3 2 2 
4 8 1 1 
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native shrubs and trees constituting 43% of the vegetation, 
had the greatest proportion of potential forage species. 
Hairy grama (Bouteloua hirsuta, 9% of total), st. Augustine 
grass (8%), crowfoot grass (Dactyloctenium aegyptium, 6%) and 
Spanish needles (Bidens pilosa, 4%) were the major components 
of the herb layer. Cabbage palm (14%), seagrape (9%), catclaw 
(Pithecellobium unguis-cati, 6%) and wild olive (6%) were the 
major trees and shrubs. Non-native trees made up only 8% of 
the vegetation. West End had 24% natal grass and 6% muhly, 
and another 16% other edible herbs. Shrubs comprised 30%, 
with 15% wild olive and 6% white lantana (Lantana 
involucrata), and native trees 18% (5% seagrape, 5% myrsine), 
with non-natives less than 1% of the total. Wulfert Point had 
a fairly high percentage (20%) of hairy grama (Bouteloua 
hirsuta), but other edible herbs made up only 9% of the 
vegetation. Native trees accounted for 35% of the vegetation 
with 14% cabbage palm, 12% myrsine and 7% wax myrtle. Shrubs 
contributed another 31%, with wild coffee (Psychotria spp., 
5%), wild olive (5%), white lantana (4%) and poison ivy (4%) 
the most prevalent. Non-natives constituted only 1% of the 
vegetation. 
Using multivariate analysis of variance, I found 
significant differences (p<0.05) among the transect data from 
the six study sites for five of eight habitat variables using 
both the complete (Table 2) and reduced (Table 3) data sets. 
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Table 2. Means for habitat parameters from transects at six 
sites on Sanibel Island. Values are the mean number 
of times the parameter was recorded in a 13 point 
array. Values with the same letter are not 
significantly different (p<O.05) between sites. See 
text (p. 70) for abbreviations 
Habitat 
Paramo 
BARE 
LITT 
OTHR 
EDHB 
OTHB 
SHRB 
NATR 
NNAT 
Cy 
2.28 
10.78 
0.68 
3.08 
0.58 
1. 08 
3.78 
7.38 
HL 
2.58 
9.88 
0.58 
3.28 
1.9be 
5.2be 
6.28b 
LIb 
STU 0 Y 
JW 
3.08 
8.68 
08 
5.4ab 
2.0c 
7.1c 
5.98b 
O.9b 
SIT E S 
KI WE WP 
2.58 2.28 3.1a 
10.18 9.78 9.4 a 
0.18 0.78 08 
8.1c 7.6bc 6.2be 
1. 28bc 0.7ab 1. o abe 
3.28b 5.0be 6.5c 
4.98b 3.08 8.0b 
1.5b O.lb 0.2b 
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Table 3. Means for habitat parameters from transects at six 
sites on sanibel Island. Values are the mean number 
of times the parameter was recorded in a 10 point 
array selected from the complete data set. Values 
with the same letter are not significantly different 
(p<0.05) between sites. See text (p. 70) for 
abbreviations 
Habitat 
Paramo 
BARE 
LITT 
OTHR 
EDHB 
OTHB 
SHRB 
NATR 
NNAT 
CY 
1. 68 
S.38 
0.6a 
2.58 
0.48 
O. S8 
2.78 
5.68 
HL 
1. 98 
7.58 
0.48 
2.58 
1.48b 
3.9bc 
4. S8b 
0.9b 
STU D Y 
JW 
2.28 
6.68 
08 
3.98b 
1.6b 
5.5c 
4.68b 
0.7b 
SIT E S 
KI WE WP 
1. 98 1. 68 2.68 
7. S8 7.58 7.08 
0.18 0.68 08 
6.5c 5.9bc 4.9bc 
0.98b 0.58 0.7 tlb 
2.78b 3.9bc 4.9bc 
3.78b 2.68 6.0b 
LIb 0.1 b 0.2b 
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These were edible herbs, other herbs, shrubs, native trees and 
non-native trees. Casa Ybel had the least herbaceous 
vegetation and shrubs and the most non-native trees. Kinzie 
Island had the most edible herbs and Wulfert Point had the 
most native trees. Joewood had the most other herbs and 
shrubs, while West End had the fewest trees overall, both 
native and non-native. These vegetation differences among 
sites were not correlated with the ecological zone of the 
sites, but appeared to result from interactions of elevation, 
soil type and disturbances (e.g., agriculture, clearing). 
There were also significant differences among the sites 
in the data collected from around the burrows. For the 
complete set (Table 4), the amounts of bare ground and litter 
did not vary significantly, and for the reduced set (Table 5) 
only the amount of bare ground did not differ. At Casa Ybel, 
some burrows were placed under piles of construction materials 
or concrete, which did not happen at other sites, there were 
fewer shrubs and native trees and more non-native trees than 
at the other sites. Heron's Landing had the most native trees 
and the least edible herbs. Kinzie Island had the most edible 
herbs around the burrows. West End had the least litter, 
fewest other herbs and fewest non-native trees. Wulfert Point 
had the most other herbs and shrubs. 
When all transect data were compared to all burrow data 
(Table 6), significant differences were found in the amounts 
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Table 4. Means for habitat parameters around burrows at six 
sites on Sanibel Island. Values are the mean number 
of times that parameter was recorded in a 13 point 
array. Values with the same letter are not 
significantly different (p<0.05) between sites. See 
text (p. 70) for abbreviations 
Habitat 
Paramo 
BARE 
LITT 
OTHR 
EDHB 
OTHB 
SHRB 
NATR 
NNAT 
Cy 
4.68 
8.08 
0.48 
4.08 
0.98b 
2.18 
2.18 
5.28 
HL 
3.48 
9.48 
ob 
1.58 
0.98b 
S.lbe 
9.7b 
1. 2b 
STU 0 Y 
JW 
4.38 
8.3 8 
Ob 
4.4 8 
0.6b 
6.1b 
5.3c 
0.6b 
SIT E S 
KI 
3.48 
9.4 8 
Ob 
S.3b 
0.7b 
6.7b 
5.4c 
O.8 b 
WE WP 
4.38 4.0a 
8.18 8.7a 
O.Ob Ob 
4.48 3. S8 
0.4b 1. 6 a 
5.3b 10.3c 
2.38 S.4b 
0.2b 0.3 b 
a2 
Table S. Means for habitat parameters around burrows at six 
sites on Sanibel Island. Values are the mean number 
of times that parameter was recorded in a 10 point 
array selected from the complete data set by 
removing the points in front of the burrows. Values 
with the same letter are not significantly different 
(p<O.OS) between sites. See text (p. 70) for 
abbreviations 
Habitat 
Paramo 
BARE 
LITT 
OTHR 
EDHB 
OTHB 
SHRB 
NATR 
NNAT 
CY 
2.28 
7.48b 
0.4a 
3.68 
O. aab 
1. a8 
1. a8 
4.28 
HL 
1.68 
a .18b 
Ob 
1. 38 
O. gab 
6. abc 
7. SC 
1.lb 
STU 0 Y 
JW 
2. S8 
7.l8b 
Ob 
3.78 
O. Sb 
4.7b 
4. Sbc 
O. Sb 
SIT E S 
KI 
1.S8 
a.38 
Ob 
6.7b 
0.4b 
S. Sb 
4.08b 
0.6b 
WE WP 
2. a8 2.18 
6.6b 7.6ab 
Ob Ob 
3.48 3.2a 
0.3b 1. 48 
4.2b a.7 c 
1. 98 6.7c 
0.2b 0.2 b 
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Table 6. Comparisons of grand means of habitat variables from 
transects and around burrows at six sites on Sanibel 
Island. Values are the mean number of times the 
parameter was recorded in a 13 point array. See 
text (p. 70) for abbreviations 
Habitat Transects Burrows p 
Parameter 
BARE 2.6 4.1 <0.01 
LITT 9.7 8.5 <0.01 
OTHR 0.3 0.1 0.06 
EDHB 5.5 4.8 0.08 
OTHB 1.2 0.8 <0.01 
SHRB 4.8 6.0 <0.01 
NATR 5.5 4.7 0.12 
NNAT 1.8 1.3 0.12 
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of bare ground (p<O.Ol), litter (p<O.Ol) , other herbs 
(p<O.Ol) , and shrubs (p<O.Ol). There were more shrubs and 
bare ground around the burrows, and more litter and other 
herbs on the transects. When the front points in the burrow 
data set and a corresponding set of points in the transect 
data were removed (see methods), only other herbs (p<O.05) and 
shrubs (p<O.Ol) showed significant differences (Table 7). The 
relationships were the same as for the complete set. 
There were no significant differences between the burrow 
and transect data from Heron's Landing for the complete data 
set or the reduced set. With the complete sets, all other 
sites showed significant differences (p<O.05) between the 
transects and the burrows, but with the reduced sets, Casa 
Ybel, Joewood and Kinzie Island failed to show significant 
differences (p>O.05). Reducing the data sets removed most of 
the effects of the burrow mounds on the surrounding 
vegetation. The most consistent difference between burrows 
and transects for the full data sets, found at all sites 
except Joewood, was the higher proportion of shrubs around the 
burrows as compared to the transect data. 
West End had the most highly significant difference 
between burrows and transects for both data sets (p<O.Ol). 
With all points there was more bare ground around the burrows 
(p<O.Ol), while the transects had more litter (p<O.Ol) and 
edible herbs (p<O.Ol). The same relationships were true for 
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Table 7. Comparisons of grand means of habitat variables from 
transects and around burrows at six sites on Sanibel 
Island. Values are the mean number of times the 
parameter was recorded in a 10 point array selected 
from the complete data set. See text (p. 70) for 
abbreviations 
Habitat Transects Burrows p 
Parameter 
BARE 2.0 2.3 0.23 
LITT 7.4 7.4 0.77 
OTHR 0.3 0.1 0.09 
EDHB 4.3 3.9 0.25 
OTHB 0.9 0.6 <0.05 
SHRB 3.7 4.9 <0.01 
NATR 4.2 3.7 0.27 
NNAT 1.4 1.0 0.19 
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bare ground (p<O.Ol) and edible herbs (p<O.Ol) in the reduced 
set. Wulfert Point showed significant differences for both 
the complete set (p<O.Ol) and the reduced set (p<0.01). In 
the complete set, edible herbs (p<0.02) were more prevalent on 
the transects and more shrubs (p<O.Ol) were found around the 
burrows. The reduced set had similar differences for edible 
herbs (p<0.04) and shrubs (p<0.01), and also had more inedible 
herbs around the burrows (p<O.Ol). 
Home Ranges 
I estimated home ranges from telemetry data for 13 free-
ranging adult tortoises, six females and seven males (Table 
8). Using the minimum convex polygon method, estimated mean 
home range for females was 0.058 ± 0.042 ha (s.d.) (range 
0.014 - 0.122 ha) and for males was 1.052 ± 0.276 ha (range 
0.280 - 2.171 ha). using the harmonic mean estimator, mean 
home range for females was 0.062 ± 0.059 ha (range 0.010 -
0.170 ha) and for males was 1.870 ± 2.005 ha (range 0.380 -
6.000 ha). Estimates between the sexes were significantly 
different for both methods (U = 42, p<0.002), but the 
differences within the sexes for the two methods were not 
significant (t-test, p>0.10). There was no difference between 
home ranges of tortoises found in the mid-island ridge or Gulf 
Coast ridge ecozones. 
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Table 8. Comparison of male and female home ranges (ha) as 
estimated with the minimum convex polygon (MCP) and 
harmonic mean (HM) methods 
Females 
ID # 
572 
1103 
807 
803 
911 
508 
MEAN 
S.D. 
MCP HM 
0.0122 0.08 
0.0138 0.01 
0.0246 0.06 
0.0375 0.02 
0.0593 0.03 
0.0935 0.17 
0.0585 0.062 
0.0420 0.059 
Males 
ID # 
509 
608 
800 
805 
902 
571 
904 
MCP 
0.28 
0.47 
0.57 
0.65 
1. 55 
1. 66 
2.17 
1. 05 
0.73 
HM 
0.43 
0.74 
0.86 
0.38 
2.36 
2.35 
6.00 
1.87 
2.00 
88 
Gopher tortoise home range patterns varied between sexes 
and among individuals. All instrumented females in this study 
used one burrow as their center of activity with foraging 
movements of varying distances (2 - 50 m) depending on the 
particular habitat and seasonal availability of food 
resources. Two females used a second burrow 12% and 27% of 
the time. occasional longer movements (up to 130m) were made 
for foraging, nesting or unknown reasons. Most males moved 
frequently among several burrows, and three showed definite 
bimodal location patterns, with centers of activity separated 
by as much as 200m. The distributions of locations within the 
activity nodes were non-regular, due to roads, houses, 
vegetation and female burrows, further confounding the horne 
range estimates. 
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DISCUSSION 
Sanibel Island's coastal berm habitat is very different 
from most areas where gopher tortoises have been studied, with 
Sanibel's vegetation more closely allied with tropical 
habitats (Long and Lakela 1971). There are few native pines 
or oaks on the island, and none at any of the six study sites. 
Species of Aristida (wiregrass and three-awn), which are the 
major grasses in pine-oak associations, are rare. Most of the 
grasses present are broad-leaved and palatable. There are 
numerous forbs, and the fruits of many trees and shrubs are 
available much of the year. 
The relatively low tortoise density at Heron's Landing 
(5.7 t/ha if entire site included, 10.0 t/ha if only 
considering the area actually used by tortoises) was likely 
caused by a lack of suitable burrow sites due to the low 
elevation and by recent vegetative conditions. Edible herbs 
and grasses had not recolonized much of the area cleared in 
1988, so tortoises had not had time to respond to any 
potential increase in forage. The lack of differences in the 
transect and burrow data was probably a reflection of the 
recent clearing operations. 
Although Casa Ybel appeared to be the least suitable 
habitat of the six sites, with only 39% of the vegetation 
being potential forage species and 44% Schinus, it supported 
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one of the highest estimated densities (22.0 tortoises/ha, 
McLaughlin 1990). The primary forage plants were clumped, and 
most occupied burrows were near these patches «10 m). More 
forage, particularly grasses, was available in the lower 
elevation, more mesic areas south of the study plot, and some 
tortoises foraged in that area while maintaining burrows in 
the higher, drier portion of the site. Most of the tortoises 
at this site were quite old (McLaughlin 1990), and not growing 
rapidly. Their reduced nutritional requirements due to age 
may have allowed them to survive in a less than optimal 
habitat. The low proportion of juveniles at this site was 
probably a function of the low amount of edible herbs 
available. Increased population density may also negatively 
affect reproductive rates. The lack of difference in the 
vegetation between the reduced burrow and transect data sets 
is probably a function of the degradation of the site, i.e., 
the extensive coverage of Schinus, the compaction of the open 
areas, and the presence of garbage. 
Although Kinzie Island had excellent forage, density was 
low (4.2 t/ha), even before tortoises were removed for 
construction activities (4.6 t/ha). At least 10 of 14 females 
at Kinzie Island were gravid in 1989, and it is likely that 
previous years had similar rates (Linley 1986, Godley 1989), 
yet few juveniles were found. Mortality in the first year is 
usually over 90% (Alford 1980). Raccoons, cats, fire ants, 
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red-shoulder hawks, crows and an indigo snake reside on or use 
the island, and all are known to prey on gopher tortoises 
(Diemer 1986, Douglass and Winegarner 1977, Landers and Speake 
1980). Kinzie Island was the last undeveloped parcel in a 
highly developed area, which has probably artificially 
increased the density of predators on the site. Once a 
tortoise emigrates, as subadults often do, it is unlikely to 
be replaced from an outside source, as there are few tortoises 
in the surrounding neighborhoods. The elevation on this site 
is quite low, as at Heron's Landing, and most burrows were in 
the higher portions of the site. 
The estimated population at Joewood was quite high (27.5 
t/ha), and had a large proportion of juveniles (McLaughlin 
1990). Elevation at this site was relatively high, and there 
were a lot of forage species (muhly, Spanish needles, golden 
creeper, seagrape). The similarity between the reduced 
vegetation data sets was due to the relatively high number of 
burrows in open areas, many of which were juvenile burrows 
under muhly and natal grass clumps. 
west End also had a high tortoise density (23.7 t/ha), 
high elevation and was very similar to Joewood in vegetative 
structure. Schinus had recently been cleared from the site, 
which was a factor in the low total number of trees present. 
Increasing housing construction in the area has likely 
contributed to the high tortoise density at this site, but 
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there has been successful reproduction in this area for 
several years, as indicated by the relatively high proportions 
of juveniles and subadults (McLaughlin 1990). Nearly half of 
the sampled vegetation (46%) was edible herbs. There were 
also fruiting trees and shrubs (fig, seagrape, wild olive). 
Although Wulfert Point had a fairly high amount of edible 
herbs, which would seem to indicate a productive site, there 
were no juveniles or juvenile burrows found on the study plot, 
and estimated tortoise density (12.5 /ha) was moderate. 
Burrows were concentrated in the higher areas of the plot, and 
several low elevation swales reduced the amount of area 
tortoises seemed to find suitable for burrowing. The primary 
forage plant available was hairy grama, a fine-leaved, low-
growing, low-biomass grass. This site was severely affected 
by drought in 1988 (K. Dryden, Florida Game and Fish 
Commission, punta Gorda, pers. com.). The structure of the 
soil may make it more susceptible to effects of drought and 
prevent some species of grass and forbs from growing there. 
The soil is composed almost entirely of whole shells and large 
fragments, with very little organic matter. Predators were 
fairly common on this site (raccoons, bobcats, red-shoulder 
hawks, indigo snakes, coachwhips). 
No single habitat component determines the ability of a 
site to support a healthy tortoise population. Elevation and 
soil characteristics may playas much a role in burrow site 
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selection as spatial relationships of shrubs and forage 
plants. Microhabitat variation in elevation may be a factor 
in the clumping of shrubs, and also may be an important factor 
in burrow placement. However, higher elevation sites, or 
those with soil characteristics promoting rapid drainage or 
reduced infiltration of ground water may not show a 
correlation between burrow placement and vegetation. Density 
of predators and factors influencing emigration and 
immigration rates may play a more significant role in some 
areas in determining the age structure of a popUlation than 
forage availability and reproductive potential. The lowest 
elevation sites had the lowest population densities, but the 
role of elevation in juvenile survival is unclear. Young 
tortoises may be more susceptible to drowning in flooded 
burrows, although adults may safely stay under water for 
extended periods (Means 1982, Breininger et al. 1988). 
Home range estimates on Sanibel are complicated by 
patterns of suitable and unsuitable habitat and development. 
During the study, the amount of usable habitat within an 
animal's home range changed weekly or monthly depending on 
weather, construction activities, clearing of exotics and 
subsequent growth of forage plants, and landscaping projects. 
Mean home range estimates of male Sanibel tortoises are 
similar to those found by Diemer (1989, 1.27 hal for northern 
Florida and Doonan (1986, 1.1 ha) for central Florida, but 
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larger than those found by McRae et ale (1981, 0.45 ha) for 
southwestern Georgia (all studies used minimum convex polygon 
method). Bard (1989) continued monitoring tortoises from 
Doonan's study and found mean male home range to be 0.625 ha. 
Mean female home range estimates for this study, however, were 
an order of magnitude smaller than those reported by Diemer 
(1989, 0.45 hal and Doonan (1986, 0.56). Female home range 
reported by McRae et ale (1981) was also small (0.08 ha or 
0.21 ha if mesic areas traversed but not "used" were 
included), as was that reported by Bard (1989, 0.212 ha). 
Although data from the winter are limited, there is no 
apparent seasonal migration of tortoises between soil types on 
Sanibel as McRae et ale (1981) and Breininger et ale (1988) 
found. This may be due to limitations on burrow construction 
imposed by the generally low elevations and the ready 
availability of forage throughout the year. 
The differences found for an individual animal's home 
range with the two methods are functions of both the methods 
used and the actual distribution of the locations. Boulanger 
and White (1990) used Monte Carlo simulations to compare the 
performance of several home range estimators. They concluded 
that the MCP is significantly biased for most sample sizes and 
types of data, and that the harmonic mean estimator is, 
generally, the least biased for most data distributions 
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examined. other estimators exhibited severe bias for most 
distributions tested. 
It seems that the primary underlying factor in male home 
range size is accessibility to mates, while female home ranges 
are based more on availability of forage and nesting sites 
(Diemer 1989, Douglass 1976, McRae et al. 1981). Several 
marked but non-transmittered females at Casa Ybel and Kinzie 
Island were regularly seen at forage sites within 15 m of 
their burrows, but rarely were found further than 15 m from 
primary burrows or using alternative burrows. Males often 
were found greater than 20 m from primary burrows and 
regularly used or visited several burrows. Given the high 
tortoise densities on Sanibel, males may have more breeding 
opportunities than males elsewhere. Individually, this may be 
offset by increased competition for available females. 
Data on home ranges of gopher tortoises in natural or 
relatively undisturbed situations is extremely limited (McRae 
et al. 1981). The presence of roads may cause an elongation 
of activity areas in some regions (Diemer 1989, Douglass 
1976), and patchiness of suitable and unsuitable habitats can 
influence horne range size (McRae et al. 1981). FUrther 
research in large tracts of undisturbed land is needed to 
assess and understand the effects of development and 
management activities on tortoise home range and movements. 
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GENERAL SUMMARY 
Gopher tortoises on sanibel Island live mainly along the 
mid-island and Gulf Coast ridges. They have similar age class 
structures to populations in other parts of the range, but 
appear to grow faster and reach reproductive maturity at 
larger sizes than their northern counterparts. Clutch sizes 
are larger than those in the most northerly parts of the 
range, but similar to those in more southerly areas, and the 
nesting season occurs earlier than elsewhere. Sex ratios of 
adult tortoises on Sanibel favor females, in contrast with 
most other areas studied, and subadult sex ratios appear to be 
even more skewed toward females. Density estimates generally 
are higher than in other areas, and correction factors for 
estimating population size from burrow surveys average 0.606. 
Tortoise densities are highest on the higher elevation (>1.2 
m) sites, but were not correlated with other habitat 
variables. Home ranges of male Sanibel tortoises are 
generally similar to those in other areas, but those of 
females are smaller than in most parts of the range. 
The vegetation on Sanibel Island is very different from 
that in most other parts of the species' range. Habitat 
suitability indices developed in longleaf pine-turkey oak-
wiregrass, scrub or flatwoods habitats are useless in coastal 
berm and similar communities. Biomass of forage plants has 
101 
been identified as an important factor in determining tortoise 
density in general (Auffenberg and Franz 1982), but it may be 
of little use in determining site suitability within coastal 
berm habitat. Elevation, depth of water table, and type and 
degree of disturbance may be more important factors. Methods 
to quantify disturbances are needed before HSls can be 
generated. 
Management Recommendations 
Fragmentation of tortoise habitat by houses, commercial 
buildings, parking lots, fences, roads, canals, etc., can 
disrupt foraging patterns and movements in search of mates and 
nesting sites. Increased human activity and domestic animals 
can have similar effects, and lead to direct mortality. Even 
if tortoises do not die due to human impacts, they may be 
effectively isolated from breeding opportunities and fail to 
maintain their populations. 
It is important that travel corridors with sufficient 
visual cover be maintained between current and potential 
burrow sites and that foraging areas be located near these 
sites. Within housing developments, these areas should be at 
least 0.1 ha in size and no more than 30m apart. Smaller 
areas closer to additional forage and cover patches may also 
be suitable. Forage areas should be allowed to seed naturally 
from surrounding areas, or should be seeded with native 
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grasses, legumes and other forbs. In order to provide forage 
quickly, some sod may be used, but it should be planted in 
narrow (0.25 m) strips, or plugs cut from larger pieces and 
planted. Thick sod discourages other forage plants, and 
appears to be avoided by tortoises. Enough habitat should be 
available to support about 10 adults to ensure at least short 
term survival of the colony (Cox et al. 1987, Diemer 1986). 
Burning may be necessary in some larger preserves to 
maintain forage production and prevent shrubs and trees from 
covering too much of the site. Build-up of litter from 
grasses, shrubs and trees can reduce the amount of forage 
production and thus lower the ability of a site to support 
tortoises. Many grasses respond to burning with rapid, highly 
palatable growth. While clumps of shrubs and trees are 
desirable in West Indian scrub as burrow sites and for visual 
and thermal cover, uniform cover does not appear to provide 
the desired structure for the tortoises. Open grassy areas 
also must be maintained. If burning is not feasible, 
mechanical removal of some shrubs and litter and mowing may 
work, although studies need to be conducted to ascertain the 
best time of year and appropriate intervals at which to use 
these techniques. 
JUdicious use of herbicides may be necessary to control 
exotic species such as Brazilian pepper and Australian pine. 
cutting pepper trees near the base and poisoning the stumps 
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may be preferable to uprooting them and possibly destroying 
burrows under them. Poisoning Australian pines leaves snags 
which provide foraging and nesting sites for woodpeckers and 
other birds, and is less labor intensive than removing them. 
Planting of inedible exotic ground covers which choke out 
native forage species should be strongly discouraged, and 
removal of such species should be done whenever possible. 
Predator control may be necessary in some areas (Diemer 
1986). Domestic dogs and cats must be controlled. 
Residential areas on Sanibel with high numbers of dogs have 
few tortoises. Juvenile tortoises are quite vulnerable until 
their shells harden and they attain sufficient size to 
discourage predators and can dig a deep enough burrow to 
escape them. Large populations of raccoons due to human 
activities (i.e., feeding) and reduction of natural 
competitors and predators may need to be reduced in order to 
maintain healthy populations of tortoises and associated 
species. 
Restocking of rehabilitated sites must be undertaken with 
care. Both donor and recipient populations must be examined 
for the presence of diseases and appropriate steps taken, on 
the advice of specialists, when diseases are found. If there 
are no tortoises which need relocating, and habitat is 
available, eggs can be collected from colonies with healthy 
populations. The eggs can be placed in artificial nests and 
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protected from predators at the new site (Wright 1982), or 
hatched in the laboratory, raised for a while, and then 
released (Adest et ale 1989). Colonies with high egg 
production but limited habitat or high predation rates are 
ideal egg donors. 
In planning residential and commercial developments, 
surrounding land use patterns should be taken into 
consideration when designing wildlife habitat areas. Regional 
planning efforts generally are more effective in providing for 
wildlife needs than lot by lot or small-scale strategies, and 
should be encouraged. Educational efforts directed at 
residents, consultants, planners and business personnel are 
also important in order to maintain populations at healthy 
levels. Use of set-aside areas as educational and research 
areas can enhance the image of the organizations on whose 
property they are found, providing public relations benefits 
at low cost. Many tactics are necessary to protect dwindling 
wildlife populations, and all suitable ones should be used. 
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